Background: Gestational diabetes mellitus (GDM) is one of the most common medical complications of pregnancy and is related to poor perinatal outcomes. Reduction of neonatal complications of GDM is feasible by assessment of fetal well-being. Both fetal Doppler and NST are used for the screening of high-risk pregnancies. Objective: We aimed to compare the non-stress test (NST) and umbilical artery (UA) Doppler assessments for evaluation of the adverse perinatal outcomes in GDM. Methods: We conducted a prospective cohort study on 50 pregnant women with GDM in Jame Zanan Hospital, Tehran, Iran, from Oct 2014 to Sep 2015. A convenient sampling method was used for patient recruitment. Inclusion criteria were women with GDM, singleton pregnancies, and gestational age>32 weeks who had neither medical conditions nor fetal anomalies. Adverse perinatal outcomes were defined as Apgar scores at 1-min and 5-min <7, hypoglycemia (blood glucose <45 mg/dl), neonatal acidosis (PH<7.2), hypocalcemia (Ca<8 mg/dl), admission to the NICU for more than 24 hours, and perinatal death. Statistical analyses were performed with SPSS version 16 using Chi-square, Fisher's exact test, and independent-samples t-test. The significance level was considered at 0.05. Results: Totally, 22% and 12% of women had an abnormal UA Doppler and a non-reactive NST respectively. Poor outcomes were detected in 13 women. The most frequent poor outcomes were hypoglycemia (n=9), Apgar 1-min <7 (n=8), neonate admitted in NICU (n=6), and respiratory distress syndrome (n=6). Poor outcome was more prevalent in women with non-reactive NST (p<0.001), abnormal UA Doppler (p=0.033), and those with infant birth weight >4000 gram (p=0.033). Sensitivity and specificity of the NST in predicting different poor outcomes were 76.9% and 97.3% respectively. Sensitivity and specificity of UA Doppler in predicting different poor outcomes were 30.8% and 94.6% respectively. Conclusion: NST is a better predictor of adverse perinatal outcomes in GDM patients.
Introduction
Gestational diabetes mellitus (GDM) is one of the most common antenatal pregnancy complications. GDM is actually a condition of carbohydrate intolerance that starts or is first recognized during pregnancy (1, 2). Approximately 7% of all pregnancies are complicated by GDM. The prevalence may range from 1 to 14% of all pregnancies (3). About 90% of patients with diabetes diagnosed during pregnancy are cases of GDM (1). GDM has both maternal and neonatal complications. Uncontrolled GDM has profound effects on fetal growth and neonatal health; however, maternal and neonatal outcomes in pregnancies with controlled GDM was higher than in those with high-risk pregnancies without GDM (4) . Neonatal complications consist of hypoglycemia, hypocalcemia, hyper bilirubinemia, polycythemia, operative delivery, shoulder dystocia, macrosomia, birth injury, asphyxia, and respiratory distress syndrome (RDS) (1). Diagnosing, monitoring and controlling of GDM as well as assessment of fetal well-being may reduce the impact of diabetes on the fetus and decrease neonatal complications (1, 5). The nonstress test (NST) has been used for assessing fetal well-being in high-risk pregnancies (6) . More recently, Doppler has been applied to the screening of poor outcomes in high-risk pregnancies (7) (8) (9) . The NST is a noninvasive prenatal test and used for monitoring the fetal heart rate in response to the fetal movements. An NST does not place any stress on the fetus during the test and can be done by a midwife. Gynecologists recommend the NST when the fetus is at increased risk of death in high-risk pregnancies during the third trimester of pregnancy. The NST provides a continuous record of the fetal heart rate obtained by an ultrasound transducer placed on the mother's abdomen (10) . A non-reactive test is sometimes associated with poor fetal or neonatal outcomes, while a reactive test is usually associated with a healthy fetus (11) . Previous study showed that NST, especially by remote electronic fetal monitoring network, could improve perinatal outcome in GDM patients (12) . In addition, NST was recommended for fetal surveillance as a choice method in diabetic patients in low resource settings (13) . A UA Doppler ultrasound is also a noninvasive test that is used to estimate the blood flow through umbilical artery and discloses placental vascular resistance in the third trimester of pregnancy. A UA Doppler ultrasound does not induce any stress on the fetus during the test but a perinatologist must perform the test. Abnormal umbilical artery Doppler is a marker of utero-placental insufficiency and consequent intrauterine growth restriction (IUGR). Abnormal waveforms include elevated systolic/diastolic (S/D) umbilical arterial ratio as well as absent and reversed end-diastolic velocimetry. The use of routine UA Doppler ultrasound in low-risk women has not been supported (14) . The study by Maulik et al. confirmed the benefit of UA Doppler assessment for prediction of adverse perinatal outcome in high-risk pregnancy. They found that an increased UA Doppler index and absent and reversed end-diastolic velocimetry were related to fetal hypoxia, low Apgar scores, decreased cord PH, meconium staining and admission to neonatal intensive care unit (NICU) (15) . Some studies compared these two popular methods and found opposing results. Williams et al (2003) compared the NST with UA Doppler assessment of the fetus and concluded that the NST resulted in a decreased cesarean delivery rate for fetal distress in high-risk pregnant women (16), while Bracero et al (1996) showed that UA Doppler assessment was superior to NST in identifying adverse outcomes in diabetic patients (17) . For these reasons and because of contradictory data and the prevalence of GDM in Iran which is reported to be between 1.3 and 8.9% (18) , this study aimed to compare NST and UA Doppler assessments for evaluation of the adverse perinatal outcomes in women with GDM.
Material and Methods

Study design and subjects
The present research was a prospective cohort study that was carried out from October 2014 through September 2015 in the Department of Gynecology and Obstetrics of Jame Zanan Hospital which is affiliated with Tehran University of Medical Sciences (TUMS), Tehran, Iran. The study population consisted of 50 women with GDM between 32 and 40 weeks gestation. The gestational age (GA) was determined either by the LMP or by the measurement of fetal crown-rump length at 11-13 weeks or by fetal head circumference at 19-24 weeks. A convenience sampling method was used to select patients. Inclusion criteria were women with GDM and singleton pregnancies with intact membranes. Women with other medical conditions that affect perinatal outcomes or those with fetal anomalies detected in the first half of the pregnancy were excluded from the study. The diagnosis of GDM was made based on American College of Obstetricians and Gynecologists Guidelines (19) . Women who had been screened in prenatal visits with a Glucose Challenge Test (GCT) ≥140 mg were referred to the hospital clinic where Glucose Tolerance Tests (GTT) were performed at weeks 24-28. The diagnosis of GDM was labeled when at least two measurements exceeded the cut-off. The cut-offs were a GTT ≥95,180,155, and 140 in fasting, one, two, and three hours after oral intake of 100mg glucose respectively.
Data collection
A questionnaire including socio-demographic history, obstetric history, and laboratory tests was designed. Data on age, gravidity, parity, and GA was gathered. At the first visit, patients' diabetic histories was taken and physical examinations were performed. Laboratory tests consisting of fasting blood sugar, 2-hour postprandial blood sugar, complete blood count, kidney and liver function tests, urine analysis and ultrasonography studies were requested every month. Adverse perinatal outcomes were defined as Apgar scores at 1-min and 5-min <7, hypoglycemia Page 6089 (blood glucose <45 mg/dl), neonatal acidosis (PH <7.2), hypocalcemia (Ca <8 mg/dl), admission to the NICU for more than 24 hours, and perinatal death. Apgar scores were determined at 1 minute and 5 minutes. The 1-minute Apgar score was measured to determine the need for resuscitation and the 5-minute Apgar for the evaluation of neonatal morbidity and mortality. The UA Doppler assessment was conducted weekly. The last assessment just before termination of pregnancy was considered for comparisons. UA Systolic/Diastolic ≥3 was considered abnormal. Cesarean was performed when an absent or reversed umbilical artery end-diastolic flow was seen. Physical examination of each neonate was carried out and the condition evaluated. UA PH was ascertained immediately after delivery, 1 and 5 minute Apgar scores were recorded, and finally fetal acidosis, blood sugar and calcium were checked. The NST was performed weekly. Result of the test can be reactive or nonreactive. When there are two or more fetal heart rate accelerations that peak at least 15 beats per minute above the baseline and last at least 15 seconds from baseline following fetal movements, the NST is considered reactive (20) . In cases of no fetal movement, the NST can be repeated. Women with a non-reactive test were examined in further tests. The last NST was considered for comparisons.
Equipment
The ultrasound equipment used was the Acuson Antares 500, Siemens AG 2011, 3.5-5 MHZ probe with pulsed wave and color Doppler modes with high resolution. All measurements were performed and were recorded in three consecutive waveforms by the main investigator when the fetus was not moving or breathing. The mean of three measurements were recorded. The NST equipment was a fetal monitor manufactured by Bistos Co., Ltd, model name: BT-330. For assessment of the fetal well-being, a fetal monitor records fetal heart rate for 20 minutes.
Statistical analysis
SPSS version 18 was used for data analysis. We assessed the normality of data with Shapiro-wilk test. Gestational age (GA) and birth weight were normally distributed. Results were expressed as Mean±SD and percentages. Independent-samples t-test was used for comparing gestational age and birth weight between poor and good outcome groups. The relation between outcome variables and UA or NST tests were assessed by Chi-square or Fisher's exact test. The significance level was considered 0.05. The validity of both tests was examined by determining sensitivity and specificity of tests in predicting adverse outcomes. The sample size was determined based on previous studies and the time limit for completing a fellowship.
Ethics
The ethics committee of the medical school of Tehran University of Medical Sciences approved the study protocol. In addition, all of the enrolled women were verbally informed about the project and they all signed a written consent form. Patients received the best medical care available in Iran. Since the study was an observational one, patients received no extra test unrelated to their treatment process, and were not required to pay any extra charges.
Results
Evaluations were made of 50 pregnant patients with GDM. The mean age, gestational age, and birth weight were 31.5±6 years, 38.6±1.2 weeks, and 3555±343 grams. The most frequent poor outcomes were hypoglycemia (n=9), Apgar 1-min <7 (n=8), neonate admitted in NICU (n=6), and respiratory distress syndrome (n=6). Only one patient was under insulin treatment. Poor outcome was more prevalent in women with non-reactive NST (p<0.001), abnormal UA Doppler (p=0.033), and those with infant birth weight >4000 gram (p=0.033) ( Table 1) . There was significant difference between 1-minute and 5-minute Apgar score mean in two groups (good vs. poor outcome) (p=0.002, p=0.005). There was significant difference between 1-minute and 5-minute Apgar score mean in fetuses with reactive vs. non-reactive NST (p=0.004, 0.01). Sensitivity and specificity of UA Doppler and NST in predicting neonatal outcomes is compared in Table 2. Table 3 shows the distribution of NST and UA Doppler results according to neonatal outcomes. Poor outcome was observed despite normal NST and normal Doppler in two cases. Non-harmonious result is observed in the poor outcome group where seven patients with a non-reactive NST had a normal UA; however, a Mantel-Haenszel test indicates that the results of the UA and NST tests were in harmony in good and poor outcome groups (p=0.859) which may be due to low sample size. 
Discussion
Women with GDM have higher risks of pre-eclampsia, shoulder dystocia, Caesarean, large for gestational age, and prematurity (21) . The primary goal of fetal surveillance is to identify fetuses at risk of adverse outcomes, to minimize fetal morbidity and perinatal mortality (22) . In modern obstetric medicine, there are non-invasive methods for evaluation of utero-placental function and fetus. Analysis of the results of our research demonstrates that the NST is a better predictor of adverse neonatal outcomes than the UA Doppler test. In the present research, the sensitivity and specificity of the NST in the prediction of neonatal outcomes is acceptable and higher than the sensitivity and specificity of the UA Doppler. Our results were in harmony with previous studies on pregnancies (23, 24) . Our results were not consistent with previous studies which found that UA S/D index was superior to NST in predicting adverse outcomes (16, 17, 25) . In Bracero's study on 207 women with class A insulin-dependent diabetes mellitus, the UA systolic/diastolic index was better than NST and biophysical profile in identifying pregnancies resulted in adverse outcomes (17) . In a randomized trial of 1,360 high risk pregnancies, of which 11% had diabetes mellitus, it was concluded that in the Doppler group, the rate of cesarean delivery for fetal distress was lower than in the NST group, especially in pregnancies with hypertension and suspected intrauterine growth restriction (16) . Devine also compared amniotic fluid index (AFI), NST, biophysical profile, and middle cerebral artery (MCA) to UA Doppler ratio to determine the best predictor of adverse outcomes in postdate pregnancies. They found that an MCA to UA ratio < 1.05 was an accurate method of predicting postdate-related adverse outcome (25) . In addition, two studies concluded that UA systolic to diastolic ratio was a valid method to predict adverse outcomes in GDM women. One research implemented on 67 women with GDM showed that women with elevated UA pulsatility indices before delivery experienced increased perinatal complications and cesarean section for fetal distress (26) . The second found a significant positive correlation between systolic to diastolic ratios and serum glucose level (r=0.52, p<0.001). They also found that an elevated systolic to diastolic ratio was associated with increased number of stillbirths and neonatal morbidity (27) . Some studies claimed that a combination of two or more methods could help in identifying at-risk fetuses. Gupta's study showed that fetal Doppler in combination with biophysical profile and cardiotocograph helped in identifying at-risk fetuses for fetal acidosis and encephalopathy (28) . We also examined whether combining two tests could improve its validity. We found that combining two tests could improve perinatal outcome by identifying one excess poorer outcome (7.7%). Result was in agreement with Subramanian's study on 200 cases of high-risk pregnancies which found that when both tests were abnormal, there was a higher percentage of adverse outcomes as compared to that of either Doppler alone being abnormal or NST alone being non-reactive (29) . There are also studies which found that combination of an abnormal UA Doppler velocimetry and abnormal glycosylated hemoglobin (30) , or uterine artery velocimetry (31) were strongly associated with adverse pregnancy outcome in pregnancies complicated by diabetes.
Conclusions
We concluded that the validity of the NST was higher than the UA Doppler in the prediction of neonatal outcomes in women with GDM. In addition, using both tests could improve the result slightly (detect one more case). We recommend that in future studies, the use of more than two methods be examined in the prediction of perinatal outcomes of diabetic women. The weak point of the study is the small sample size, which made it necessary for us to use a weak statistical test. We recommend that a systematic review be performed to answer the questions precisely.
